Background/Aims: We aimed to investigate the efficacy of peracetic acid (EndoPA ® ; Firson Co., Ltd., Cheonan, Korea) in disinfecting endoscopes. Methods: We prospectively investigated the gastroscopes (Part I) utilized in 100 gastroscopic examinations and colonoscopes (Part II) utilized in 30 colonoscopic examinations after disinfecting them with 0.2% peracetic acid (EndoPA ® ; Firson Co., Ltd.). These instruments had been collected consecutively throughout the study period. We reprocessed and disinfected the endoscopes according to the guidelines for cleaning and disinfecting gastrointestinal endoscopes laid down by the Korean Society of Gastrointestinal Endoscopy in 2017. Three culture samples were obtained from each examination, based on different sampling methods. The primary outcome was a positive culture rate. Results: In Part I of our study, two of 300 samples were positive. The culture positive rate after disinfection was 0.7% (2/300). The culture positive rate was not significantly different based on the exposure time to EndoPA ® or the age of the scopes (p=0.7 or 0.2, respectively). In Part II of our study, all samples (n=90) were negative. Conclusions: We conclude that 0.2% peracetic acid (EndoPA ® ) appears to be a good disinfectant for both gastroscopes and colonoscopes. (Korean J Gastroenterol 2018;71:319-323) 
INTRODUCTION
Secondary infections caused by gastrointestinal endoscopes are known to occur infrequently. [1] [2] [3] However, a few bacterial and viral infections could be caused by the following:
examiner-related practices, endoscope disinfection machine itself, and/or washing/cleaning solution. 4 Therefore, guidelines pertaining to the disinfection of equipment have been established in Korea, as well as in the United States and
Europe to recommend and ensure a high level of disinfection. [5] [6] [7] The most widely used disinfectant in clinical practice has been 2% glutaraldehyde (GA). It is recommended that this agent remain in contact with the used endoscopes for 20 minutes after complete cleaning. 5, 8 The steady rise in the number of endoscopic examinations performed has led to an increase in the need for disinfectants that can be used rapidly and efficiently.
Peracetic acid used as a disinfectant is an oxidizing agent Board of the Catholic University of Korea (VC17ZESI0170).
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Endoscope reprocessing and disinfection
1) Part I
We randomly selected 4 gastroscopes (GIF-H260; Olympus Optical Co., Ltd., Tokyo, Japan). Among these, 2 had been purchased in 2012 and the remaining ones in 2016. Each endoscope had been used to perform 25 examinations, for a total of 100 upper endoscopic examinations.
Pre-cleaning was performed after each examination by rubbing the surfaces and flushing the channels using a detergent (Endozime ® AW Triple Plus with APA; RUHOF Co., Ltd., NY, USA).
The components of the gastroscope were then disconnected and disassembled and transported to the cleaning room.
These instruments were contacted in the Endozime ® .
Endoscope, including all its channels and valves, was cleaned and immersed in the Endozime ® solution. This solution was cleaned with water, and the scope and its accessories were put into one of two automated endoscope reprocessors, in a random manner. Fifty endoscopes were processed by each automated endoscope reprocessor-the 2 automated endoscope reprocessors used in the study were purchased in 2015.
To achieve a high-level of disinfection, 50 endoscopes were immersed in EndoPA ® for 5 minutes at room temperature (Group 5), and the remaining 50 were immersed in the same solution for 10 minutes at room temperature (Group 10). After this procedure, the gastroscope was cleaned and its channels were washed with sterile water. The scope was then made dry with forced air.
2) Part II
We randomly selected 3 colonoscopes (CF-H260AI;
Olympus Optical Co., Ltd., Tokyo, Japan). Each colonoscope had been used for 10 examinations, for a total of 30 colonoscopic examinations. The detailed reprocessing methods used were the same as those described in Part I. All endoscopes were placed in contact with EndoPA ® for 5 minutes at room temperature. were wiped with cotton swabs moistened with sterile saline, which were then coated on the surface of the blood agar plates.
Sampling and culture
All study specimens were tested in the same manner by the operators, who were blinded to the random assignment. The blood agar plates were incubated at 35℃ in 5% carbon dioxide for 48 hours. The number of colonies on each plate was counted, and Gram staining was performed to identify microorganisms. 11, 13 This method was useful to culture bac- teria and fungi.
Statistics
Chi-square test was used to compare the culture rates in Part I. P-value of less than 0.05 was considered statistically significant. All statistical analyses were performed using IBM SPSS Statistics 20 (IBM, Armonk, NY, USA).
RESULTS
Part I
Among the total 300 culture samples, 2 were positive-1
showed a Gram-positive and a nonfermenting Gram-negative bacillus, and coagulase-negative Staphylococcus on sample 2 in Group 5 and the other showed a nonfermenting
Gram-negative bacillus on sample 1 in Group 10. The culture positive rate after disinfection was 0.7% (2/300) ( Table 1 ).
The culture positive rate was not significantly different, based on the duration of exposure to EndoPA ® and the age of the scopes (p=0.7 or 0.2, respectively) (Table 2, 3).
Part II
All 90 culture samples obtained from the 30 colonoscopes were negative (Table 1) .
DISCUSSION
This present study, to the best of our knowledge, is the first Korean study to investigate the efficacy of EndoPA ® as a disinfectant for endoscopes in a clinical setting. The culture positive rate after disinfection was 0.5% (2/390). This figure was significantly lower than that observed in recent studies using other disinfectants, 11, 13 indicating good efficacy of EndoPA ® .
In Part I of our study, which included 100 cases of upper GI endoscopic examinations, we observed that the culture positive rate was 0.7% (2/300) with 1 endoscope being culture positive from Group 5 and 1 from Group 10. The time of exposure to the disinfectant did not appear to affect the efficacy of disinfectant. Additionally, all endoscopes that were culture positive were observed to be those that had been used over a period of 1 year. Thus, the age of scopes was not associated with the culture positive rates in this study.
Currently, disinfectants that are commonly used for a high-level of disinfection of GI endoscopic equipment include GA, OPA, and peracetic acid (Table 4) . Peracetic acid is less toxic than GA and OPA, and is known to be a powerful disinfectant showing a broad-spectrum of antimicrobial activity that can effectively disinfect viral, fungal, and bacterial spores. [14] [15] [16] Although GA and OPA are widely used to disinfect endoscopic equipment, there is limited data available regarding the use of peracetic acid as a disinfectant for endoscopic equipment. 14, 17, 18 A recent study designed as an experimental model for a GI endoscope that had been contaminated with 9 strains of microorganisms, including a few antibiotic-resistant bacteria (methicillin-resistant
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Staphylococcus aureus, vancomycin-resistant Enterococcus,
and Clostridium difficile), showed that the number of residual bacterial colonies in the endoscopes that were disinfected using peracetic acid was significantly lower than that observed using GA and OPA. 12 The methods utilized for endoscope reprocessing and disinfection should be simple and rapid. This is an important issue in Korea due to a high turnover rate of endoscopic examinations. Peracetic acid requires a short time to disinfect the equipment (5 minutes for most bacteria and 10 minutes for Mycobacterium tuberculosis). 10 Based on the aforementioned recent study, peracetic acid shows both, excellent disinfection ability, as well as a short-exposure/contact time to achieve adequate disinfection. The peracetic acid and OPA groups both required 19 minutes each for adequate cleaning and disinfection of endoscopes, whereas the GA group required 24 minutes. 12 Therefore, it can be concluded that the power and efficiency of peracetic acid as an agent used for endoscopic equipment disinfection could be superior to that of GA or OPA.
Previous studies have reported skin and eye irritation as a few of the limitations associated with the use of peracetic acid. 14, 19, 20 In this study, no discomfort was reported by any of the researchers/personnel, who performed the disinfection.
However, further studies will be needed to evaluate the safety of this agent in such users.
There are several limitations to consider when interpreting our results. First, this study was not performed using endoscopes that had been contaminated with the same strains of microorganisms. However, it could be expected that our results are more practical and relevant because endoscopes used in a real-world clinical setting are usually randomly selected. Moreover, the sample size of our study group was not small. Second, we sampled/studied the inner surface of the endoscope channel using a simple cleaning technique.
This could be a less efficient method for detecting microorganisms within the lumen of these channels. However, no optimal method has been established thus far to evaluate the outcome of endoscopic reprocessing, and such methods have already been used in various previous studies. Third, the lack of a control group was a limitation. We could not obtain accurate results regarding the efficacy of EndoPA ® as a disinfectant. However, this agent showed a much lower culture positive rate than that observed in a previous study using similar methods.
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In conclusion, this study showed that EndoPA ® could be a useful disinfectant for endoscopic equipment in real-world clinical practice. Our results might provide a reference to help select appropriate disinfectants for cleaning and disinfecting endoscopes.
